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(57) ABSTRACT 

Amethod of progressively gravel packing is provided Which 
enables individual sections of a continuous Wellbore portion 
to be gravel packed in succession. In a described embodi 
ment, multiple Well screens are positioned in a Wellbore. A 
continuous portion of the Wellbore is isolated using, for 
example, one or more packers, With the Well screens being 
disposed in the isolated portion. The isolated Wellbore 
portion is then progressively gravel packed in successive 
individual predetermined sections of the isolated Wellbore 
portion. 
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METHOD OF PROGRESSIVELY GRAVEL 
PACKING A ZONE 

BACKGROUND 

[0001] The present invention relates generally to opera 
tions performed in conjunction With a subterranean Well and, 
in an embodiment described herein, more particularly pro 
vides a method of gravel packing a Wellbore. 

[0002] It is sometimes the case that gravel packs have 
voids, rather than being completely packed With gravel, in 
an annulus betWeen a Well screen assembly and a Wellbore. 
Voids in a gravel pack are very undesirable, since formation 
?nes can travel through the voids to the Well screens, thereby 
defeating the purpose for performing the gravel pack opera 
tion. 

[0003] Typically, voids are caused When there is a 
decrease in ?oW velocity While a slurry is being pumped into 
the annulus. The velocity decrease permits some of the 
gravel to fall out of the slurry ?oW and accumulate in the 
annulus. This accumulated gravel may bridge off and pre 
vent further gravel transfer through the annulus. 

[0004] The problem is exacerbated by the fact that it is 
standard practice to gravel pack an entire interval at one 
time. That is, a gravel slurry is ?oWed into the annulus 
betWeen the Wellbore and a long gravel packing assembly 
including multiple Well screens. The assembly is many times 
hundreds of feet long. 

[0005] It Will be readily appreciated that this slurry ?oW 
through such a long annulus provides ample opportunity for 
?oW velocity ?uctuations, including velocity decreases due 
to, for eXample, ?uid loss into the formation, ?uid ?oW into 
the many Well screens, etc. The problem is further exacer 
bated Where the Wellbore is substantially deviated or hori 
Zontal. It is quite common to use very long screen assem 
blies in horiZontal Wells. 

[0006] Thus, it may be seen from the foregoing that it 
Would be advantageous to provide a method of gravel 
packing a Wellbore Which solves the problem of voids 
forming in a gravel pack. 

SUMMARY 

[0007] In carrying out the principles of the present inven 
tion, in accordance With an embodiment thereof, a method of 
gravel packing is provided Which is a signi?cant advance 
over prior methods. The method enables a continuous Zone 
to be gravel packed in successive individual sections, 
thereby eliminating the problems associated With attempting 
to ?oW gravel into the entire Zone. 

[0008] In a described embodiment, multiple Well screens 
are positioned in a Wellbore. A continuous portion of the 
Wellbore is isolated using, for eXample, one or more packers, 
With the Well screens being disposed in the isolated portion. 
The isolated Wellbore portion is then progressively gravel 
packed in successive individual predetermined sections of 
the isolated Wellbore portion. 

[0009] In one aspect of the method, the method includes 
the step of opening successive ones of the Well screens for 
?uid ?oW through the ?ltering material of the respective 
Well screens. The liquid portion of a slurry is ?oWed only 
through the ?ltering material of Well screens Which have 
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been opened to such ?oW. The Well screens are opened 
successively, so the slurry ?oWs toWard the Well screens in 
succession, rather than to all of the Well screens at once. 

[0010] In another aspect of the invention, the method 
includes the step of alternating the Well screens With valves 
in the isolated Wellbore portion. Successive ones of the 
valves are opened, thereby progressively depositing gravel 
from a tubular string, through the opened valves, and into 
corresponding predetermined sections of the Wellbore. By 
opening the valves in succession, the gravel enters the 
Wellbore sections progressively. 

[0011] In yet another aspect of the invention, the method 
includes the step of opening corresponding successive 
valves and Well screens, thereby successively gravel packing 
preselected sections of the Wellbore portion. The opening of 
the valves and opening of the Well screens are coordinated, 
so that gravel enters a Wellbore section through a valve 
corresponding to a Well screen Which has also been opened 
to ?uid ?oW therethrough. This coordination of both slurry 
delivery and ?uid return enables the Wellbore sections to be 
successively gravel packed. 
[0012] In still another aspect of the invention, the method 
includes the step of using a selective slurry diversion device 
to accomplish the coordination of slurry delivery and ?uid 
return. In one embodiment, the slurry diversion device is 
activated in response to predetermined pressure levels in the 
slurry delivery ?oW passage, to selectively divert the gravel 
slurry into successive predetermined sections of the Well 
bore portion. The slurry diversion device may include mul 
tiple valves, may include one or more hydraulic metering 
devices for operating the valves, may include individual 
valve actuators, may include a plug Which displaces through 
the slurry delivery passage, or any other means of diverting 
slurry ?oW. 

[0013] These and other features, advantages, bene?ts and 
objects of the present invention Will become apparent to one 
of ordinary skill in the art upon careful consideration of the 
detailed description of representative embodiments of the 
invention hereinbeloW and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an elevational and partially cross-sec 
tional vieW of a prior art method of gravel packing a 
Wellbore; 
[0015] FIGS. 2A & B are elevational and partially cross 
sectional vieWs of a ?rst method of gravel packing a 
Wellbore, the method embodying principles of the present 
invention; 
[0016] FIG. 3 is an elevational and partially cross-sec 
tional vieW of a second method of gravel packing a Wellbore, 
the method embodying principles of the present invention; 

[0017] FIGS. 4A-D are cross-sectional vieWs of succes 
sive aXial portions of a ?rst apparatus for gravel packing a 
Wellbore, the apparatus embodying principles of the present 
invention and being shoWn in a ?rst con?guration; 

[0018] FIGS. 5A-D are cross-sectional vieWs of the ?rst 
apparatus in a second con?guration; 

[0019] FIGS. 6A-D are cross-sectional vieWs of succes 
sive aXial portions of a second apparatus for gravel packing 
a Wellbore, the apparatus embodying principles of the 
present invention; and 
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[0020] FIG. 7—is a cross-sectional vieW of a third appa 
ratus for gravel packing a Wellbore, the apparatus embody 
ing principles of the present invention. 

DETAILED DESCRIPTION 

[0021] In the following description, directional terms, 
such as “above”, “beloW”, “upper”, “loWer”, etc., are used 
only for convenience in referring to the accompanying 
draWings. Additionally, it is to be understood that the various 
embodiments of the present invention described herein may 
be utiliZed in various orientations, such as inclined, inverted, 
horiZontal, vertical, etc., and in various con?gurations, With 
out departing from the principles of the present invention. 

[0022] FIG. 1 shoWs a prior art method 10 of gravel 
packing a Wellbore 12. The method 10 is performed prima 
rily to prevent ?nes in a formation 14 intersected by the 
Wellbore 12 from entering a production tubing string 16. For 
this purpose, a slurry (indicated by arroWs 18) containing 
gravel 20 is pumped into an annulus 22 formed betWeen the 
Wellbore 12 and Well screens 24. 

[0023] The annulus 22 is isolated betWeen tWo packers 26. 
When the slurry 18 is pumped into the annulus 22 betWeen 
the packers 26, the liquid portion of the slurry is permitted 
to How into the screens 24 and return to the surface. The 
gravel 20 is deposited in the annulus 22. 

[0024] Unfortunately, the gravel 20 does not alWays com 
pletely ?ll the annulus 22, and as a result, voids 28 are left 
in the annulus after the gravel packing operation. Voids 28 
are typically caused by a drop in slurry 18 flow velocity in 
the annulus 22. One cause of velocity drop is excessive ?uid 
loss into the formation 14. 

[0025] For example, the ?uid portion of the slurry 18 may 
?oW more readily into certain portions of the formation 14, 
thereby decreasing the total slurry volume being transmitted 
through the annulus 22 at those portions of the formation, 
Which causes a velocity drop doWnstream and causes the 
gravel 20 to drop out of the slurry. The gravel 20 Which has 
dropped out of the slurry 18 may bridge off in the annulus 
22, thereby preventing further slurry ?oW past the bridged 
off gravel. 

[0026] Although only three Well screens 24 are schemati 
cally shoWn in FIG. 1, it is common practice to use a large 
number of screens extending for many hundreds of feet in 
the Wellbore 12. Such large Well screen assemblies are used 
quite often in horiZontal Well completions. In these situa 
tions Where very long Well screen assemblies are used, it is 
also common to gravel pack the Wellbore 12 about the Well 
screens 24 in one operation, Wherein the slurry 18 is pumped 
into the entire annulus 22 at once. It Will be readily appre 
ciated that the greater the length of the annulus 22 into Which 
the slurry 18 is ?oWed, the greater the chance that How 
velocity ?uctuations Will be experienced and, thus, the 
greater the chance that voids 28 Will be formed. 

[0027] Turning noW to FIGS. 2A & B, a neW method 30 
of gravel packing a Wellbore 32 is representatively illus 
trated, the method embodying principles of the present 
invention. In the method 30, a slurry (indicated by arroWs 
34) is pumped into an annulus 36 isolated betWeen tWo 
packers 38. HoWever, the entire annulus 36 is not gravel 
packed at the same time. Instead, selective slurry diversion 
devices 40, 42, 44 are used to gravel pack the annulus 36 one 
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section at a time, i.e., the annulus is gravel packed progres 
sively in successive sections. This minimiZes the chance that 
a void Will be left in the gravel pack. 

[0028] The diversion devices 40, 42, 44 are depicted 
schematically in FIGS. 2A & B as alternating betWeen Well 
screens 46, 48, 50. HoWever, it should be understood that 
each of the illustrated Well screens 46, 48, 50 may represent 
multiple individual Well screens, and the diversion devices 
40, 42, 44 may be otherWise positioned With respect to the 
Well screens, Without departing from the principles of the 
invention. 

[0029] In addition, although the Wellbore 32 is shoWn as 
being cased and the annulus 36 is shoWn as being isolated 
betWeen the packers 38, the principles of the invention may 
be incorporated in methods Wherein the Wellbore is uncased, 
only one packer is used to isolate the annulus 36 (e.g., at the 
bottom of the Wellbore 32, above a plug, etc.), other means 
are used to isolate the annulus, etc. Thus, many variations 
may be made in the method 30 in keeping With the principles 
of the invention. 

[0030] FIG. 2A depicts an initial stage of the method 30. 
The loWer diversion device 44 is actuated to How the slurry 
34 into a loWer section of the annulus 36 about the loWer 
Well screen 50. Preferably, the diversion device 44 not only 
permits How of the slurry 34 outWard from a production 
tubing string 52 into the annulus 36, but also opens an 
internal ?uid return circulation ?oW passage, so that the ?uid 
portion of the slurry is permitted to How inWardly into the 
screen 50. In this manner, the slurry 34 is directed to How 
about the loWer Well screen, and not to any of the other Well 
screens 46, 48. 

[0031] When the loWer section of the annulus 36 is fully 
gravel packed, the loWer diversion device 44 is actuated to 
prevent the slurry 34 from ?oWing outWard therethrough, 
and the next diversion device 42 is actuated to permit slurry 
?oW therethrough. Preferably, this sequential actuation of 
the slurry diversion devices 40, 42, 44 occurs automatically, 
that is, so that no change in procedure is required by an 
operator conducting the gravel pack operation. For example, 
a pressure increase may be experienced at the loWer diver 
sion device 44 When the loWer section of the annulus 36 is 
completely gravel packed (due to the increased resistance to 
How through the gravel packed annulus section). 

[0032] This increase in pressure may cause actuation of 
the loWer diversion device 44 to prevent further slurry ?oW 
outWardly therethrough, While causing actuation of the next 
diversion device 42 to permit outWard slurry ?oW there 
through. The actuation of the diversion device 42 may also 
permit the ?uid portion of the slurry 34 to How inWard 
through the Well screen 48. 

[0033] FIG. 2B shoWs the method 30 after the loWer 
diversion device 44 has been actuated to prevent slurry ?oW 
outWard therethrough and the next diversion device 42 has 
been actuated to permit slurry ?oW outWard therethrough. In 
addition, actuation of the diversion device 42 has permitted 
the ?uid portion of the slurry 34 to How inWardly through the 
Well screen and into the internal ?uid return circulation ?oW 
passage. 

[0034] In this manner, a next section of the Wellbore 32 is 
gravel packed. In a similar manner, the upper section of the 
annulus 36 may be gravel packed by actuating the upper 
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diversion device 40 to ?oW the slurry 34 outwardly into the 
annulus 36 about the upper Well screen 46, and to open the 
Well screen to inWard ?oW of the ?uid portion of the slurry. 

[0035] It should be understood that many aspects of the 
method 30 described above are not necessary to practice the 
principles of the invention. For example, it is not necessary 
for a diversion device associated With a particular Wellbore 
section to be actuated closed to outWard slurry ?oW there 
through When the particular Wellbore section is completely 
gravel packed. This is due to the fact that the increased ?oW 
resistance through a completely gravel packed section Will 
cause the slurry 34 to ?oW through the neXt open diversion 
device, Without the need to close the diversion device 
associated With the completely gravel packed section. HoW 
ever, the diversion devices 40, 42, 44 are preferably closed 
to ?oW radially therethrough prior to commencement of 
actual production from the Well. 

[0036] By appropriately positioning and actuating the 
diversion devices 40, 42, 44, the portion of the Wellbore 32 
isolated betWeen the packers 38 may be gravel packed in 
successive sections. As depicted in FIGS. 2A & B, the 
sections of the Wellbore 32 are successively gravel packed 
from the bottom up. HoWever, this is not necessarily the 
order in Which the sections are gravel packed. 

[0037] Turning noW to FIG. 3, another method 54 Which 
embodies principles of the invention is representatively 
illustrated. In the method 54, sections of an annulus 56 
formed betWeen a Wellbore 58 and a production tubing 
string 60 are progressively gravel packed from the top doWn. 
The tubing string 60 includes slurry diversion devices 62, 
64, 66 and Well screens 68, 70, 72. 

[0038] The upper diversion device 62 is initially actuated 
to ?oW a slurry 74 outWardly therethrough, While the ?uid 
portion of the slurry is permitted to ?oW inWardly through 
the upper screen 68. InWard ?uid ?oW through the other Well 
screens 70, 72 is not permitted at this point. Thus, the slurry 
74 is directed to the upper section of the annulus 56 isolated 
betWeen packers 76. 

[0039] When the upper section of the annulus 56 is 
completely gravel packed, the neXt loWer diversion device 
64 is actuated, for eXample, in response to a pressure 
increase experienced at the upper diversion device 62. The 
diversion device 64 then permits outWard slurry ?oW there 
through into the neXt loWer section of the annulus 56, and 
?uid ?oW is permitted inWardly through the neXt loWer Well 
screen 70. Once the neXt loWer section of the annulus 56 is 
completely gravel packed, the loWer diversion device 66 is 
actuated to gravel pack the loWermost section of the annulus 
56. 

[0040] Therefore, it may be readily understood that indi 
vidual sections of a Wellbore may be gravel packed in 
various sequences, Without departing from the principles of 
the invention. Furthermore, various apparatus and apparatus 
con?gurations may be used to accomplish the desired result 
of successively gravel packing sections of an isolated por 
tion of a Wellbore. Several such apparatus are described 
beloW, but it is to be understood that these are given by Way 
of eXample only, and are not to be taken as limiting the 
principles of the invention. 

[0041] Representatively illustrated in FIGS. 4A-D is an 
apparatus 80 embodying principles of the present invention. 
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The apparatus 80 may form a portion of either of the 
production tubing strings 52, 60 described above in the 
methods 30, 54. HoWever, the apparatus 80 may be used in 
other methods Without departing from the principles of the 
invention. 

[0042] As depicted in FIGS. 4A-D, the apparatus 80 
includes Well screens 82, 84 and slurry diversion devices 86, 
88. Only tWo Well screens and diversion devices are depicted 
in the apparatus 80 as described herein for brevity and clarity 
of description. HoWever, it is to be understood that any 
number of Well screens and any number of diversion devices 
may be utiliZed. In addition, each of the depicted Well 
screens 82, 84 may represent any number of individual Well 
screens, and the relative positionings of the Well screens and 
diversion devices 86, 88 may be changed Without departing 
from the principles of the invention. 

[0043] The apparatus 80 is illustrated in FIGS. 4A-D in a 
run-in con?guration. That is, the apparatus 80 is in this 
con?guration When it is initially positioned in a Wellbore. A 
packer may be connected to an upper end go of the apparatus 
80 and another packer may be connected to a loWer end 92 
of the apparatus to isolate an annular portion of the Wellbore 
from the remainder of the Wellbore. 

[0044] The upper Well screen 82 includes a ?ltering por 
tion 94. As depicted in FIG. 4A, the ?ltering portion is made 
up of triangular cross-section Wire spirally Wrapped over a 
perforated base pipe 96. The loWer Well screen 84 similarly 
includes a Wire Wrapped ?ltering portion 98 over a base pipe 
100. HoWever, other types of Well screens could be used in 
the apparatus 80, such as sintered metal screens, Woven Wire 
screens, etc. 

[0045] The upper diversion device 86 includes concentric 
tubular housings 102, 104 and an intermediate reciprocable 
sleeve 106. Ports 108 formed radially through the housings 
102, 104 and sleeve 106 are aligned and, thus, the ports are 
open to radial ?oW therethrough. The sleeve 106 is pre 
vented from displacing relative to the housings 102, 104 by 
shear pins 110. 

[0046] Similarly, the loWer diversion device 88 includes 
inner and outer housings 112, 114, intermediate sleeve 116 
and ports 118. Shear pins 120 prevent displacement of the 
sleeve 116 relative to the housings 112, 114. The ports 118 
of the loWer diversion device 88 are also open to ?oW 
radially therethrough. 
[0047] An annular ?oW passage 122 is formed betWeen the 
base pipe 96 of the upper Well screen 82 and an inner tubular 
member 124 positioned Within the base pipe. This ?oW 
passage 122 eXtends doWnWard through the upper diversion 
device 86 betWeen the housings 102, 104, although as 
depicted in FIG. 4B, the ?oW passage is closed off by the 
sleeve 106. The ?oW passage similarly eXtends doWnWard 
through the loWer Well screen 84 betWeen the base pipe 100 
and an inner tubular member 126, and doWnWardly through 
the loWer diversion device 88 betWeen the housings 112, 
114. The sleeve 116 also closes off the passage 122 in the 
loWer diversion device 88. Multiple sets of splines 142 
eXtend radially inWardly into the passage 122 at various 
points in the apparatus 80 to act as stops or shoulders, but it 
is to be understood that ?oW in the passage is permitted past 
these splines. 

[0048] In a gravel packing operation, a gravel slurry 128 
is pumped doWnWardly through an inner slurry ?oW passage 
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130. The slurry 128 passes through the upper Well screen 82 
and enters the upper diversion device 86. With the ports 108 
being open, the slurry 128 is permitted to ?oW outwardly 
through the housings 102, 104 and into an annulus surround 
ing the apparatus 80. 

[0049] The slurry 128 ?oWs upwardly after exiting the 
ports 108 due at least in part to the fact that the upper Well 
screen 82 is open to the ?oW passage 122, and so a ?uid 
portion 132 of the slurry 128 can pass through the ?ltering 
portion 94. The passage 122 is a return circulation ?oW 
passage Which permits return circulation of the ?uid portion 
132 to the surface. For example, the passage 122 may be in 
communication With an annulus extending to the surface 
above an upper packer using techniques Well knoWn to those 
skilled in the art, e.g., by using a gravel packing-type packer 
Which provides for such ?uid communication. 

[0050] Thus, in an initial stage of the gravel packing 
operation, the gravel slurry ?oWs outWardly through the 
upper diversion device 86 and upWardly to the section of the 
annulus about the upper Well screen 82. The ?uid portion 
132 ?oWs inWardly through the ?ltering portion 94 and 
upWardly through the return circulation passage 122. The 
gravel portion of the slurry 128 accumulates in the annulus 
section surrounding the upper Well screen 82. This is shoWn 
in the method 54 of FIG. 3 Wherein the slurry 74 is initially 
?oWed about the upper Well screen 68 via the upper diver 
sion device 62. 

[0051] Note that the slurry 128 is not permitted to ?oW 
doWnWardly in the inner passage 130 past the upper diver 
sion device 86, because a barrier 134 blocks the passage just 
doWnstream of the ports 108. Also note that ?uid ?oW is not 
permitted inWardly through the ?ltering portion 98 of the 
loWer Well screen 84, due to the fact that the sleeve 106 of 
the upper diversion device 86 blocks the return circulation 
passage 122 betWeen the inner and outer housings 102, 104. 
Thus, the slurry 128 ?oWs outWardly only through the upper 
diversion device 86, and the ?uid portion 132 ?oWs inWardly 
only through the ?ltering portion 94 of the upper Well screen 
82. 

[0052] When the upper annulus section is completely 
gravel packed, a pressure increase Will be experienced in the 
slurry ?oW 128, due to the increased ?oW restriction through 
the gravel packed about the upper Well screen 82. In 
particular, an increased pressure differential Will be experi 
enced betWeen the return circulation passage 122 above and 
beloW the sleeve 106. When this pressure differential 
reaches a predetermined level, the shear pins 110 Will break, 
and the pressure differential Will displace the sleeve 106 
upWard. 

[0053] UpWard displacement of the sleeve 106 closes off 
the ports 108. A pressure differential betWeen the inner 
passage 130 above and beloW the barrier 134 Will then build 
rapidly to another predetermined level, at Which point shear 
pins 136 securing the inner housing 102 to the tubular 
member 124 Will shear. When the shear pins 136 shear, the 
inner housing 102 and sleeve 106 Will displace doWnWardly. 

[0054] The pressure differential betWeen the inner passage 
130 above and beloW the barrier 134 Will continue to build 
to yet another predetermined level, at Which point the barrier 
Will break. When the barrier 134 breaks, the pressure dif 
ferential thereacross is relieved, and the slurry 128 may then 
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?oW doWnWardly through the passage 130 to the loWer 
diversion device 88. The barrier 134 is preferably a rupture 
disc, but it may be any other type of frangible barrier, or it 
may be another type of valve operable to selectively permit 
and prevent ?oW through the passage 130. 

[0055] Note that, When the shear pins 110 have broken and 
the sleeve 106 has displaced upWardly, and again When the 
shear pins 136 have broken and the inner housing 1022 and 
sleeve 106 have displaced doWnWardly, the return circula 
tion passage 122 is opened to ?oW through the diversion 
device 86. Thus, the diversion device 86 performs the 
functions of three separate valve devices—a valve to control 
?oW through the ports 108, a valve to control ?oW through 
the return circulation passage 122, and a valve to control 
?oW through the slurry passage 130. Note, also, that these 
functions are performed automatically in response to pres 
sure levels experienced at the diversion device 86 doWnhole, 
Without the need of any intervention by an operator at the 
surface. 

[0056] After the slurry passage 130 has been opened to 
?oW through the diversion device 86 (the barrier 134 having 
been broken), the slurry 128 may then ?oW outWardly 
through the ports 118 of the loWer diversion device 88. After 
the return circulation passage 122 has been opened to ?oW 
through the diversion device 86, the ?uid portion 132 of the 
slurry 128 may then ?oW inWardly through the ?ltering 
portion 98 of the loWer Well screen 84 and into the passage 
for return circulation to the surface. In this manner, the next 
loWer section of the Wellbore is gravel packed about the Well 
screen 84. 

[0057] Prior to the displacement of the intermediate sleeve 
106 in the diversion device 86, the loWer Well screen 84 may 
be considered as “closed” to ?uid ?oW therethrough, since 
the ?uid portion 132 of the slurry 128 may not ?oW through 
the ?ltering portion 98 and circulate to the surface via the 
return circulation passage 122. Instead, the return circulation 
passage 122 is a closed chamber beloW the sleeve 106 and 
?uid transfer through the ?ltering portion 98 is insubstantial. 
The Well screen 84 may be considered “opened” to ?uid ?oW 
through its ?ltering portion 98 When the sleeve 106 displaces 
and substantial ?oW of the ?uid portion 132 is permitted 
through the ?ltering portion of the Well screen. 

[0058] Of course, the Well screen 84 could be opened to 
?uid ?oW therethrough in many other Ways. A valve, for 
example, a sliding sleeve-type valve, could be used to 
directly control ?uid ?oW radially through the base pipe 100. 
Thus, a variety of means of opening the Well screen 84 to 
?uid ?oW through its ?ltering portion 98 may be utiliZed in 
keeping With the principles of the invention. 

[0059] When the annular Wellbore section about the Well 
screen 84 is completely gravel packed, a pressure increase 
Will be experienced in the slurry 128. This pressure increase 
Will cause actuation of the loWer diversion device 88 in a 
manner similar to the Way the actuation of the upper 
diversion device 86 is described above. A predetermined 
pressure differential in the return circulation passage 122 
Will cause the shear pins 120 to break, the pressure differ 
ential Will displace the sleeve 116 upWardly, a predetermined 
pressure differential in the slurry passage 130 Will cause 
shear pins 138 to break, the pressure differential Will dis 
place the inner housing 112 doWnWard, another pressure 
differential in the slurry passage Will break a barrier 140. 
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These actions Will result in ?oW being permitted in the return 
circulation passage 122 through the diversion device 88, 
?oW being permitted in the slurry passage 130 through the 
diversion device, and ?oW being prevented through the ports 
118. 

[0060] A next loWer section of the Wellbore annulus may 
then be gravel packed if, for example, another Well screen 
and diversion device Were connected to the loWer end 92 of 
the apparatus 80. If no further sections are to be gravel 
packed, the loWer end 92 Would be sealed, so that no ?uid 
communication is permitted betWeen the return circulation 
passage 122 and the slurry passage 130. 

[0061] Any number of sections may be gravel packed 
using the apparatus 80. In addition, an isolated Wellbore 
annulus may be subdivided into as many sections as desired 
to ensure complete gravel packing of the annulus, by pro 
viding an appropriate number of diversion devices and Well 
screens. 

[0062] Referring additionally noW to FIGS. 5A-D, the 
apparatus 80 is representatively illustrated in a con?guration 
in Which both of the diversion devices 86, 88 have been 
actuated as described above. The barriers 134, 140 have 
been broken, thereby permitting ?oW therethrough in the 
slurry passage 130. The ports 108, 118 have been closed, 
thereby preventing ?oW outWardly (or inWardly) there 
through. 

[0063] In addition, the return circulation passage 122 has 
been opened for ?oW through both of the diversion devices 
86, 88. Note that slots 144 in the sleeve 106 permit ?oW 
through the sleeve, even though an upper portion of the 
sleeve closes off the ports 108. In a similar manner, slots 146 
formed through the sleeve 116 permit ?oW through the 
passage 122 in the loWer diversion device 88. 

[0064] Referring additionally noW to FIGS. 6A-D, another 
apparatus 150 embodying principles of the present invention 
is representatively illustrated. The apparatus 150 may form 
a portion of either of the production tubing strings 52, 60 
described above in the methods 30, 54. HoWever, the appa 
ratus 150 may be used in other methods Without departing 
from the principles of the invention. 

[0065] The apparatus 150 as depicted in FIGS. 6A-D 
includes six Well screens 152, 154, 156, 158, 160, 162 and 
six corresponding slurry diversion devices 164, 166, 168, 
170, 172, 174. Of course, any number of Well screens and 
any number of diversion devices may be utiliZed as desired. 
In the apparatus 150, the Well screens 152, 154, 156, 158, 
160, 162 are alternated With the diversion devices 164, 166, 
168, 170, 172, 174, but it is to be understood that other 
relative positionings could be used. 

[0066] The apparatus 150 also includes tWo actuators 176, 
178. The upper actuator 176 controls operation of the upper 
three diversion devices 164, 166, 168, and the loWer actuator 
178 controls operation of the loWer three diversion devices 
170, 172, 174. Of course, any number of actuators may be 
used to control operation of any number of respective 
diversion devices, and it is not necessary for each actuator 
to control the same number of diversion devices. 

[0067] The actuator 176 is a hydraulic metering device 
Which uses a pressure differential to gradually displace an 
inner ?oW tube assembly 180 in an upWard direction, but it 
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is to be understood that any type of actuator may be used. 
For example, a battery poWered electric motor could be used 
to displace the ?oW tube assembly 180. 

[0068] The actuator 176 uses a pressure differential 
betWeen a ?uid return circulation passage 182 and a slurry 
delivery ?oW passage 184 to meter hydraulic ?uid from a 
?rst chamber 186 to a second chamber 188 through an 
ori?ce 190. The chamber volumes, ori?ce siZe, ?uid viscos 
ity, etc. are siZed so that the ?oW tube assembly 180 is 
displaced upWardly at a desired rate When a pressure dif 
ferential is experienced from the slurry passage 184 to the 
return circulation passage 182. Such a pressure differential 
Will increase and cause upWard displacement of the ?oW 
tube assembly 180 at a correspondingly increased velocity 
When a section of the Wellbore has been gravel packed. 

[0069] In a similar manner, the actuator 178 uses a pres 
sure differential betWeen the ?uid return circulation passage 
182 and the slurry delivery ?oW passage 184 to meter 
hydraulic ?uid from a ?rst chamber 218 to a second chamber 
220 through an ori?ce 222. The pressure differential dis 
places another ?oW tube assembly 224. HoWever, note that 
the actuator 178 does not experience the pressure differential 
betWeen the slurry passage 184 and the return circulation 
passage 182 until the upper ?oW tube assembly 180 has 
displaced upWardly a suf?cient distance to uncover ports 
226. Thus, the loWer actuator 178 is not effective to displace 
the loWer ?oW tube assembly 224 until the upper actuator 
176 has already displaced the upper ?oW tube assembly 180 
a predetermined distance. 

[0070] In the initial run-in con?guration depicted in FIGS. 
6A-D, ports 192 of the upper diversion device 164 are open, 
as are ports 194 of the diversion device 170. Thus, When a 
slurry 196 is pumped doWnWardly through the passage 184, 
it Will ?oW outWardly through the ports 192, 194. Ports 198, 
200, 202, 204 of the other diversion devices 166, 168, 172, 
174 are closed at this point. 

[0071] Intermediate sleeves 206, 208, 210, 212, 214, 216 
of the diversion devices 164, 166, 168, 170, 172, 174, 
respectively, are each initially aligned to permit ?oW through 
their respective ports, but When shifted upWardly by upWard 
displacement of the respective ?oW tube assembly 180, 224, 
they each close off their respective ports. 

[0072] The return circulation passage 182 is open to ?oW 
through each of the diversion devices 164, 166, 168, 170, 
172, 174. Although not visible in FIGS. 6A-D, the diversion 
devices 164, 166, 168, 170, 172, 174 include splined or 
?uted members (similar to the splines 142 described above) 
Which permit ?oW in the return circulation passage 182 
through the diversion devices. Thus, When the slurry 196 is 
?oWed outWardly through the ports 192, 194, a ?uid portion 
228 of the slurry is permitted to ?oW inWardly through each 
of the Well screens 152, 154, 156, 158, 160, 162 and into the 
return circulation ?oW passage 182 for circulation to the 
surface. 

[0073] When a pressure differential is experienced from 
the slurry delivery passage 184 to the return circulation 
passage 182, the upper actuator 176 meters ?uid from the 
chamber 186 to the chamber 188 and the upper ?oW tube 
assembly 180 displaces upWardly. When the upper ?oW tube 
assembly 180 has displaced upWardly a predetermined dis 
tance, the ports 192 Will be closed, and the ports 198 Will be 
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opened. Such displacement of the upper ?oW tube assembly 
180 Will also uncover the ports 226, causing the loWer 
actuator 178 to begin metering ?uid from the chamber 218 
to the chamber 220, and thereby upWardly displacing the 
loWer ?oW tube assembly 224 in response to the pressure 
differential from the slurry delivery passage 184 to the return 
circulation passage 182. 

[0074] When the loWer ?oW tube assembly 224 has dis 
placed upWardly a predetermined distance, the ports 194 
Will be closed and the ports 202 Will be opened. The slurry 
196 Will then be ?oWed outWardly through the ports 202. 

[0075] UpWard displacement of the loWer ?oW tube 
assembly 224 a further predetermined distance Will cause 
the ports 202 to be closed and the ports 204 to be opened. 
The slurry 196 Will then be ?oWed outWardly through the 
ports 204. When the loWer ?oW tube assembly 224 has 
displaced upWard a still further predetermined distance, the 
ports 204 Will be closed. 

[0076] In a similar manner, the ports 192, 198 and 200 are 
successively opened and then closed by upWard displace 
ment of the upper ?oW tube assembly 180. This causes the 
slurry 196 to be ?oWed outWard into successive sections of 
the Wellbore surrounding the apparatus 150. The slurry 196 
is also ?oWed outWard into successive sections of the 
Wellbore surrounding the apparatus 150 as a result of the 
opening and closing of the ports 194, 202, 204 due to 
upWard displacement of the loWer ?oW tube assembly 224. 

[0077] Such ?oWing of the slurry 196 into successive 
sections of the Wellbore is very advantageous in that, if one 
of the sections has a bridging-off of gravel therein, a void 
Will be averted by ?oWing the slurry into an adjacent 
Wellbore section (i.e., on the other side of the bridged-off 
gravel). That is, even if gravel bridging does occur in a 
Wellbore section, the ability to How the slurry into adjacent 
Wellbore sections may ameliorate the detrimental effect of 
the gravel bridging. 

[0078] Another very desirable feature of the apparatus 150 
is that the actuators 176, 178 do not signi?cantly displace the 
How tube assemblies 180, 224 When only a relatively small 
pressure differential eXists from the slurry delivery passage 
184 to the return circulation passage 182 (thus permitting 
adequate How of the slurry 196 into the Wellbore section(s) 
surrounding the diversion device(s) having open ports 
before the section(s) are completely ?lled With gravel). 
HoWever, the actuators 176, 178 do displace the How tube 
assemblies 180, 224 at an increased velocity When a rela 
tively large pressure differential eXists from the slurry deliv 
ery passage 184 to the return circulation passage 182 (i.e., 
When the Wellbore section(s) surrounding the diversion 
device(s) having open ports are completely ?lled With 
gravel). 
[0079] The result is that the slurry 196 is directed to How 
through successive ones of the ports 192, 194, 198, 200, 202, 
204 automatically, Without the need for intervention by an 
operator at the surface. The slurry 196 is, thus, ?oWed into 
successive sections of the Wellbore surrounding the appara 
tus 150, ensuring that the Wellbore is completely gravel 
packed. 

[0080] Referring additionally noW to FIG. 7, another 
apparatus 270 embodying principles of the present invention 
is representatively illustrated. The apparatus 270 may form 
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a portion of either of the production tubing strings 52, 60 
described above in the methods 30, 54. HoWever, the appa 
ratus 270 may be used in other methods Without departing 
from the principles of the invention. 

[0081] As depicted in FIG. 7, the apparatus 270 includes 
tWo slurry diversion devices 272, 274 and tWo Well screens 
276, 278. Of curse, any number of diversion devices may be 
used, any number of Well screens may be used, there is not 
necessarily the same number of diversion devices as Well 
screens, and the diversion devices and Well screens may be 
positioned otherWise With respect to each other, Without 
departing from the principles of the present invention. In 
particular, there may be more diversion devices and Well 
screens connected beloW the Well screen 278, thereby divid 
ing a Wellbore annulus into as many individual sections as 
desired. 

[0082] The loWer diversion device 274 is shoWn in its 
run-in con?guration. In this con?guration, ports 280 are 
closed, and a ?uid return circulation ?oW passage 282 is 
closed to How through the diversion device. The upper 
diversion device 272 may also be in this con?guration 
during run-in. Alternatively, the upper diversion device 272 
may be run-in in a con?guration Wherein ports 284 are open 
and the return circulation passage 282 is open to How 
through the diversion device, as depicted in FIG. 7. 

[0083] The diversion devices 272, 274 as illustrated in 
FIG. 7 are actuated from the con?guration shoWn for the 
loWer diversion device 274 to the con?guration shoWn for 
the upper diversion device 272 by displacing a plugging 
device 286 through an inner slurry delivery ?oW passage 
288. The plug 286 is placed in the slurry delivery passage 
288, and a slurry 290 is pumped doWnWardly behind the 
plug. The plug 286 lands ?rst in the upper diversion device 
272. 

[0084] Collet ?ngers 292 on the plug 286 engage an 
internal pro?le 294 formed on an inner sleeve 296 of the 
upper diversion device 272. This engagement betWeen the 
collet ?ngers 292 and the pro?le 294 releasably secures the 
plug 286 in the diversion device 272 and temporarily 
prevents the plug from being pumped further doWn the 
passage 288. Note that at this time the ports 284 are closed 
(as shoWn for the ports 280 of the loWer diversion device 
274 in FIG. 7), and therefore a pressure differential is 
created in the passage 288 from above to beloW the plug 286 
While the plug is engaged Within the diversion device 272. 

[0085] Continued pumping on the slurry 290 Will increase 
the pressure differential in the passage 288 to a predeter 
mined level, at Which point shear pins 298 securing an 
intermediate sleeve 300 shear, and the sleeves 296, 300 and 
plug 286 together displace doWnWardly in the passage. The 
upper diversion device 272 is shoWn in FIG. 7 in the 
con?guration in Which the shear pins 298 have sheared, and 
the sleeves 296, 300 and plug 286 have displaced doWn 
Wardly. At this point, the ports 284 are opened, and the return 
circulation ?oW passage 282 is open too How through the 
upper diversion device 272. 

[0086] The slurry 290 may now How outWardly through 
the ports 284 and into the Wellbore annulus surrounding the 
Well screen 276. Since the return circulation passage 282 has 
been opened through the upper diversion device 272, a ?uid 
portion 304 of the slurry 290 may ?oW through a ?ltering 
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portion 302 of the Well screen and into the return circulation 
passage. The ?uid portion 304 may then be circulated to the 
surface as described above. 

[0087] When the Wellbore surrounding the upper Well 
screen 276 and upper diversion device 272 has been com 
pletely gravel packed, an increased pressure differential Will 
be experienced in the slurry delivery passage 288 from 
above to beloW the plug 286. When the pressure differential 
reaches a predetermined level, shear pins 306 securing the 
inner sleeve 296 to the intermediate sleeve 300 Will shear, 
and the inner sleeve Will displace doWnWardly, thereby 
closing the ports 284. 

[0088] With the ports 284 closed, a further pressure dif 
ferential increase Will be experienced in the passage 288 
from above to beloW the plug 286. When the pressure 
differential reaches another predetermined level, the collet 
?ngers 292 Will be released from the pro?le 294. The plug 
286 Will then be pumped further doWnWard in the passage 
288, until it lands in the loWer diversion device 274. 

[0089] When the plug 286 lands in the loWer diversion 
device 274, the collet ?ngers 292 engage a pro?le 308 
formed internally on an inner sleeve 310. A predetermined 
pressure differential in the passage 288 from above to beloW 
the plug 286 shifts the inner sleeve 310, an intermediate 
sleeve 312 and the plug doWnWard after shearing shear pins 
314. When the sleeves 310, 312 and the plug 286 displace 
doWnWard, the ports 280 are opened and the return circu 
lation passage 282 is opened to How through the loWer 
diversion device 274. 

[0090] The slurry 290 may then be pumped out of the ports 
280 and into the Wellbore surrounding the Well screen 278. 
The ?uid portion 304 may then enter a ?ltering portion 316 
of the Well screen 278 and circulate to the surface. 

[0091] When the Wellbore surrounding the Well screen 278 
and diversion device 274 has been completely gravel 
packed, an increased pressure differential Will be experi 
enced in the slurry delivery passage 288 from above to 
beloW the plug 286. When the pressure differential reaches 
a predetermined level, shear pins 318 securing the inner 
sleeve 310 to the intermediate sleeve 312 Will shear, and the 
inner sleeve Will displace doWnWardly, thereby closing the 
ports 280. 

[0092] With the ports 280 closed, a further pressure dif 
ferential increase Will be experienced in the passage 288 
from above to beloW the plug 286. When the pressure 
differential reaches another predetermined level, the collet 
?ngers 292 Will be released from the pro?le 308. The plug 
286 Will then be pumped further doWnWard in the passage 
288. 

[0093] This process of landing the plug 286 in one diver 
sion device after another may be repeated for as many 
diversion devices as are installed. As noted above, there may 
be any number of diversion devices in the apparatus 270, 
although only tWo are shoWn in FIG. 7. Furthermore, this 
process of pumping the plug 286 to successive diversion 
devices to thereby gravel pack corresponding successive 
sections of a Wellbore surrounding the apparatus 270 is 
accomplished Without the need of any intervention by an 
operator at the surface. When one Wellbore section is 
completely gravel packed, the plug 286 automatically dis 
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places to the next diversion device in response to the 
pressure increase in the slurry ?oW. 

[0094] Each of the diversion devices 272, 274 performs 
the functions of multiple valves—one valve that controls 
How of the slurry 290 through the respective ports 284, 280, 
and another valve that controls How in the return circulation 
passage 282 through the respective diversion device. The 
plug 286 acts to prevent the slurry 290 from ?oWing to a 
diversion device until the plug has landed in that diversion 
device. 

[0095] Of course, a person skilled in the art Would, upon 
a careful consideration of the above description of repre 
sentative embodiments of the invention, readily appreciate 
that many modi?cations, additions, substitutions, deletions, 
and other changes may be made to these speci?c embodi 
ments, and such changes are contemplated by the principles 
of the present invention. Accordingly, the foregoing detailed 
description is to be clearly understood as being given by Way 
of illustration and example only, the spirit and scope of the 
present invention being limited solely by the appended 
claims and their equivalents. 

What is claimed is: 
1. A method of progressively gravel packing a subterra 

nean Wellbore, the method comprising the steps of: 

positioning multiple Well screens in the Wellbore; 

isolating a continuous portion of the Wellbore having the 
Well screens disposed therein; and 

progressively gravel packing successive individual pre 
determined sections of the Wellbore portion. 

2. The method according to claim 1, Wherein the isolating 
step is performed by setting at least one packer in the 
Wellbore. 

3. The method according to claim 1, Wherein the gravel 
packing step further comprises selectively permitting and 
preventing ?uid ?oW through successive ones of the Well 
screens. 

4. The method according to claim 3, Wherein in the 
selectively permitting and preventing ?uid ?oW step, the 
Well screens are selectively opened and closed to ?uid ?oW 
longitudinally therethrough. 

5. The method according to claim 3, Wherein in the 
selectively permitting and preventing ?uid ?oW step, ?uid 
How is selectively permitted and prevented through respec 
tive sideWalls of the Well screens. 

6. The method according to claim 1, Wherein the gravel 
packing step further comprises selectively opening and 
closing valves associated With respective corresponding 
ones of the Well screens. 

7. The method according to claim 1, Wherein the posi 
tioning step further comprises subdividing the Wellbore 
portion into the predetermined sections by positioning a 
tubular string including multiple valves and the Well screens 
therein, each of the Wellbore sections having at least one of 
the Well screens and a corresponding at least one of the 
valves associated thereWith. 

8. The method according to claim 7, Wherein the gravel 
packing step further comprises opening the valves in suc 
cession, thereby successively diverting a gravel slurry to the 
respective associated Wellbore sections. 
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9. The method according to claim 8, wherein the gravel 
packing step further comprises opening the Well screens to 
?oW therethrough When the corresponding respective valves 
are opened in succession. 

10. The method according to claim 1, Wherein the gravel 
packing step further comprises activating a slurry diversion 
device to divert a gravel slurry exclusively to the predeter 
mined Wellbore sections in succession. 

11. The method according to claim 10, Wherein the 
activating step is performed in response to a succession of 
predetermined pressure levels, each pressure level resulting 
in the gravel slurry being diverted to a corresponding one of 
the predetermined Wellbore sections. 

12. The method according to claim 10, Wherein in the 
activating step, the slurry diversion device includes multiple 
valves, at least one valve being associated With a corre 
sponding one of each of the predetermined Wellbore sec 
tions, and Wherein the activating step further comprises 
opening the valve associated With each Wellbore section in 
succession, While the valves associated With other Wellbore 
sections are closed, to thereby divert the gravel slurry 
directly to the Wellbore section associated With the open 
valve. 

13. The method according to claim 12, Wherein in the 
activating step, at least one of the Well screens is associated 
With each of the predetermined Wellbore sections and the 
valve corresponding to each Wellbore section, and Wherein 
the activating step further comprises permitting ?uid ?oW 
through the Well screen associated With each Wellbore 
section in succession, While the valve associated With the 
Wellbore section is open, and While ?uid ?oW through the 
Well screens and valves associated With other Wellbore 
sections is prevented, to thereby divert the gravel slurry 
directly to the Wellbore section associated With the open 
valve and open Well screen. 

14. A method of progressively gravel packing a subter 
ranean Wellbore, the method comprising the steps of: 

positioning multiple Well screens in the Wellbore, each of 
the Well screens having a ?ltering material; 

isolating a continuous portion of the Wellbore having the 
Well screens disposed therein; 

?oWing a gravel slurry into the Wellbore portion; and 

opening successive ones of the Well screens for ?uid ?oW 
through the ?ltering material of the respective Well 
screens. 

15. The method according to claim 14, Wherein the 
isolating step is performed by setting at least one packer in 
the Wellbore. 

16. The method according to claim 14, Wherein the 
opening step further comprises successively providing ?uid 
communication from the ?ltering material of the respective 
successively opened Well screens to a ?uid path for return 
circulation of a liquid portion of the gravel slurry. 

17. The method according to claim 14, Wherein the 
positioning step further comprises associating each of the 
Well screens With a preselected corresponding one of mul 
tiple sections of the Wellbore portion, and Wherein the 
opening step further comprises individually gravel packing 
the sections of the Wellbore portion in response to opening 
respective corresponding ones of the Well screens. 

18. The method according to claim 14, Wherein the 
opening step further comprises opening successive ones of 
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multiple ?uid barriers in a gravel slurry delivery passage, 
each of the Well screens being opened for ?uid ?oW there 
through in response to opening of a corresponding respec 
tive one of the ?uid barriers. 

19. The method according to claim 18, Wherein in the 
opening step, the barriers comprise frangible members 
Which break in response to at least one predetermined 
pressure in the gravel slurry delivery passage. 

20. The method according to claim 19, Wherein in the 
opening step, the frangible members break in succession in 
response to repeated attaining of the predetermined pressure 
in the gravel slurry delivery passage. 

21. The method according to claim 14, Wherein the 
positioning step further comprises positioning multiple 
valves in the Wellbore, each of the valves being associated 
With a corresponding one of the Well screens, and Wherein 
the opening step further comprises opening successive ones 
of the valves, thereby providing ?uid communication 
betWeen the ?ltering material of the respective Well screens 
and a slurry ?uid return circulation ?oW passage. 

22. The method according to claim 21, Wherein the valve 
opening step is performed by creating a predetermined 
pressure differential across successive ones of multiple 
frangible members. 

23. The method according to claim 21, Wherein the valve 
opening step is performed by gradually displacing a member 
connected to each of the valves, displacement of the member 
causing successive operation of the valves. 

24. The method according to claim 23, Wherein the 
gradually displacing step further comprises hydraulically 
metering the member displacement. 

25. The method according to claim 24, Wherein the 
hydraulically metering step is performed in response to 
differential pressure betWeen a gravel slurry delivery ?oW 
passage and the slurry ?uid return circulation ?oW passage. 

26. The method according to claim 14, Wherein the 
positioning step further comprises positioning in the Well 
bore a gravel slurry delivery passage having multiple open 
ings to the Wellbore, each of the openings being associated 
With a corresponding one of the Well screens, and further 
comprising the step of diverting a gravel slurry from the 
delivery passage, through successive ones of the openings, 
and into the Wellbore portion. 

27. The method according to claim 26, Wherein the 
diverting step further comprises displacing a plugging 
device through the delivery passage. 

28. The method according to claim 27, Wherein the 
displacing step further comprises displacing the plugging 
device betWeen successive openings in response to repeated 
predetermined pressure levels in the delivery passage. 

29. The method according to claim 28, Wherein the 
displacing step further comprises closing one of the open 
ings When the plugging device displaces betWeen successive 
openings. 

30. A method of progressively gravel packing a subter 
ranean Wellbore, the method comprising the steps of: 

positioning a tubular string in the Wellbore, the tubular 
string including multiple alternating Well screens and 
valves; 

isolating a continuous portion of the Wellbore having the 
Well screens and valves disposed therein; and 

opening successive ones of the valves, thereby progres 
sively depositing gravel from the tubular string, 






